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Investigation on the parthenogenetic response of sunflower lines and hybrids

M. Drumeva*, P. Yankov

Department of Plant Production, Faculty of Marine Sciences and Ecology, Technical University Varna, 1 Studentska, 9010 Varna, Bulgaria

Abstract. When applying gamma-ionizing radiation for induction of parthenogenetic doubled haploidy, the female genotype exercises certain effect. The effect 
of the female may be expressed in lack of parthenogenetic response, in lower responsiveness or in specific selectiveness with regard to the type of 
parthenogenetic development. This investigation studied the parthenogenetic response of two lines and three hybrids of sunflower used as initial female 
material. Parthenogenetic reaction were registered in the tested hybrids, while parthenogenetic embryos were not obtained from some variants including lines, 
and, on the whole, lower responsiveness was determined. The effect of the female genotype was expressed in differences both in the responsiveness of the 
investigated lines and hybrids to induction of parthenogenetic development and in the variable reaction among the different lines and hybrids. The variations in 
the parthenogenetic response of the individual hybrids subjected to this investigation, which differed between themselves by their nuclear-cytoplasmic 
characteristics, were indicative for the dependence of the method on the genotypic and cytoplasmic specificity of the initial female material.

Keywords: gamma-induced parthenogenesis, sunflower, genotypic responsiveness
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Introduction indicate when satisfactory results from the application of them 
method can be expected and when it will not be effective. Therefore 
further investigations are necessary on the correlations of gamma Sunflower, being one of the main oil seed crops in the world, is 
induces parthenogenesis with the genotypic and cytoplasmic of special economic importance in Europe. Due to the higher 
specificity of the initial female material.productivity and greater stability of incomes, all commercial cultivars 

The cytoplasmic male sterility (CMS) is a typical feature of the are hybrids based on PET1 cytoplasm (Nichterlein and Horn, 2005). 
higher plants determining the impossibility to produce pollen with The development of parental lines for heterosis breeding of 
normal fertilization functions (Horn, 2006). In the commercial sunflower requires significant resources of time and financial 
sunflower hybrid production only one source of cytoplasmic male means. The application of the gamma-induced parthenogenesis 
sterility is used, the so called PET1 cytoplasm. Besides PET1 method in combination with embryo culture allows to develop 
cytoplasm, additional sources of CMS have been identified in homozygous (doubled haploid) lines within a short period of time, 
sunflower, which have been characterized on the molecular level which can be used in breeding directly (Todorova et al., 1997; 
(Horn et al., 1996; Horn and Friedt, 1999; Horn, 2002). Fertility Drumeva et al., 2012). The approach combines both traditional and 
restorer lines have been identified for some of the new CMS genetic and breeding methods with bio technology techniques 
sources.leading to efficient intensification of the breeding process in 

The aim of this investigation was to study the parthenogenetic sunflower by shortening the time necessary for the development of 
response of initial female material with different nuclear-cytoplasmic genetically stable lines with 3 to 4 years. This is especially important 
characteristics.due to the fact that in vitro methods such as anther, pollen or ovular 

culture successfully used in other plant species for accelerated 
production of haploid and doubled haploid lines, can not be applied 

Material and methodwith much efficiency to sunflower (Drumeva et al., 2012).
In the experimental work on the adaptation of the method to the 

specific requirements of sunflower, our previous investigations The investigation involved one commercial hybrid well 
showed that its effectiveness depended on the genotype of the established in production (hybrid Albena), two F1 sterile hybrid 
pollen source, the strength of the radiation impact, the genotype of combinations – FINR (PET1-HA89 x AA7.2.4) and BIWS (147-
the initial forms for partehnogenetic induction and their interaction rigidus x 324 B), which were with different cytoplasms, and two lines 
(Todorova, 2002). The effect of the first two factors was reduced to with normal cytoplasm. Hybrid Albena and the hybrid combination 
certain parameters, through which the specificity of their influence FINR were in PET1 cytoplasm, hybrid Albena having restored 
was overcome to some extent. The optimal irradiation doses which fertility through the heterozygous condition of the Rf1 gene (Rfrf), 
suppressed the fertilizing ability of pollen but preserved its while in hybrid FINR the gene was in homozygous recessive 
stimulating effect on the embryo sack of sunflower were determined condition without restoration of fertility. Hybrid BIWS was in sterile 
(Todorova and Ivanov, 2000).  Our investigations demonstrated that cytoplasm RIG1 and did not contain fertility restorer genes. The lines 
the use of mixed pollen from pollen sources allowed partial included in the investigation were with normal cytoplasm, line 23B 
overcoming of the genotype specificity of the pollen donor (Todorova being obtained from cultivar Belgorodskiy 96, and line 34B – from 
and Ivanov, 1999). cultivar VNIIMK 6540.

Concerning the third factor – the effect of the female genotype, For initiation of parthenogenetic development, mixed pollen 
up to now there are no established parameters which can clearly from lines Rf 673 and Z-8-A irradiated with gamma rays was used. 
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The pollen collected from these lines was mixed at equal weight 
portions and was used for pollination of the female lines after being 
gamma-irradiated. The pollen was irradiated with dose 700 Gy, with 
Cs 137 as a source of ionizing radiation.

To sterilize the male gametophyte, the initial plants from hybrid 
Albena were treated with water solution of gibberellic acid (GA ) in 3

concentration 45 mg/l, and the plants from the В lines – in 
concentration 33 mg/l. The solution was applied directly on the 
young button (1-1.5 cm in diameter). To avoid foreign pollination all 
initial female lines were isolated immediately before beginning of 
flowering. Only 5 plants from each of the initial female genotypes 
were pollinated.

The isolation and cultivation of the obtained parthenogenetic 
embryos was done according to the method of Azpiroz et al. (1988). 
The formed young partehnogenetic plants were transferred to soil 
and stabilized at temperature 20°С/15°С day/night, relative air 
humidity 70% and photoperiod 16/8 h day/night for 30 days, then the Similar to the results of Bouvier et al. (1993), Sauton (1989), 
day temperature was increased to 25°С±2°С, and the night Faris et al. (1999), and to the results from our previous studies 
temperature to 20°С±2°С. (Todorova et al., 2004), effect of the female genotype was observed, 

The ploidity of the plants was determined flow-cytometrically. expressed in different response of the investigated lines and hybrids 
The plants were analyzed at growth stage first-second pair of leaves. to induction of parthenogenetic development, as well as in different 
Cell analyzer Partec CA II (Partec GmbH) was used. The samples reaction of the separate hybrids. In hybrid Albena the 
were prepared according to the protocol of De Laat et at. (1987). The parthenogenetic induction frequency was 6.3 times higher than the 
nuclei were stained with DAPI (4 6-diamidino-2-phenylindole) frequency determined for line 23B and from 2.5 to 3 times higher 
(Göhde et al., 1979). than the frequency of the sterile hybrids.

The analysis of the histograms was done with DPAC (Partec Normal growth and development into young doubled haploid 
GmbH). plants were observed in 46 parthenogenetic embryos obtained from 

To evaluate the parthenogenetic response of the female the hybrid genotypes. Diploid status was determined flow-
genotypes involved in the experiment, one-factor dispersion citometrically in all produced plants. Parthenogenetic diploidy is a 
analysis and cluster analyses were applied. Data were processed phenomenon reported by a number of authors who applied the 
with Statistica, Version 7. method of gamma-induced parthenogenesis to different plant 

species (Pandey et al.,1990; Meynet et al.,1994; Dore and Marie, 
1993). It is assumed that the pseudo fertilization with irradiated 

Results and discussion pollen leads to partial induction of the cell cycle thus realizing 

From the 5 initial forms for parthenogenetic induction, a total of 
71 parthenogenetic immature embryos were obtained, and 46 
young plants developed from them. Parthenogenetic response was 
registered in all investigated hybrid combinations, in the lines 
parthenogenetic embryos were obtained only from line 23B but none 
from line 34B (Figure 1). Highest number of embryos were obtained 
from hybrid Albena. The analysis on the parthenogenetic 
responsiveness of the investigated female forms revealed 
statistically significant differences in their reaction (Table 1). The 
value of F in the trial showed that the mean square of the deviations 
of the tested initial forms for parthenogenetic induction was 20.11 
times higher than the mean square of the deviations of errors and 
with higher value than the values of F at P=0.05 and P=0.01, as 
evident from the Table 1. This confirmed the genetic determination of 
errors in the parthenogenetic response of the investigated forms.

Figure 1. Variations in the parthenogenetic 
responsiveness of the investigated female forms
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Table 1. Dispersion analysis on the parthenogenetic response of the investigated hybrids from H. annuus L. 

SS – sum of squares, df – degree of freedom, MS – mean squares, F – criterion of Fisher

Factors SS MS
F
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df Fexp.
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Figure 2. Relative percent of the initial female hybrids 
in the total number of obtained parthenogenetic 
doubled haploid plants
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replication of DNA and duplication of chromosomes, but not cell investigated hybrids in comparison to the investigated lines. The 
division. As a result a homozygous diploid ovum is produced which variations in the parthenogenetic response among the individual 
can develop into a parthenogenetic diploid embryo under certain hybrids, which differed by their nuclear-cytoplasmic characteristics, 
conditions (Pandey, 1980). were indicative for the dependence of this method on the genotypic 

The relative percent of initial hybrids from the total number of and cytoplasmic specificity of the initial female material.
plants was proportional to the parthenogenetic induction frequency 
determined for them (Figure 2). In the embryos derived from line 23B 
were observed necrotic changes of lethal nature. All Acknowledgement
parthenogenetic plants obtained from the male sterile hybrids FINR 
and BIWS were sterile, which confirmed their parthenogenetic A part of the scientific research, the results of which are 
origin. presented in this article, was conducted at TU – Varna as a part of a 

A part of the plants obtained from hybrid Albena were sterile research project, funded by the state budget.
(40%), while the rest were fertile. The fertile plants represented 
doubled haploid lines in which the fertility restorer gene was 
homozygous dominant (RfRf). The presence of sterile plants 
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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